Summary.-The specificity of action of mature blood cell extracts on their own progenitor cells was investigated by measuring their effects on the structuredness of the cytoplasmic matrix (SCM) using the technique of fluorescence polarization.
lar weight ranges and each tested against proliferative populations of lymphoid, granulocytic and erythroid cells. In all cases, complete specificity of effect on SCM was found, LNEs affecting only lymphoid cell populations, GCEs affecting only the granulocytic cell populations and RCEs affecting only erythroid cells. In each case, with the possible exception of the RCEs, the active fractions reside in the molecular weight ranges reported in the literature inhibitory properties.
A NUMBER of investigators have claimed that extracts from the mature elements of the blood system (erythrocytes, granulocytes and lymphocytes) have specific inhibitory effects on the proliferation of the progenitors of those cells (Rytomaa and Kiviniemi, 1968; Moorhead et al., 1969; Houck, Irausquin and Leikin, 1971; Kivilaasko and Rytomaa, 1971) . These extracts have frequently been called " chalones " and a number of properties which a compound must demonstrate before qualifying for that title have been defined (NCI Monograph 38, 1973) . One of these properties, that of specificity of action for cells of their own kind, has so far proved defiant to unequivocal demonstration. Most observations have depended on the uptake of tritium labelled thymidine into cells synthesizing DNA in culture systems; systems which can very rapidly deteriorate unless exact culture conditions are maintained throughout. (Bullough and Laurence, 1970; Houck and Irausquin, 1973; Rytdmaa, 1973) In this paper a new method of approaching the problem of specificity of growth control will be described, in which it has proved possible to compare the effects of various blood cell extracts on each type of haemopoietic cell line, under virtually identical conditions and with the same end point. To make these comparisons, the structuredness of the cytoplasmic matrix (SCM) was measured with the technique of fluorescence polarization elaborated by Cercek and Cercek (1972a, ] 973c ). The technique is based on the excitation of fluorescein molecules, produced by enzymatic hydrolysis of the nonfluorescing fluoresceindiacetate (FDA) in the cytoplasm with polarized light and, measurement of the polarization of the emitted fluorescence. Rotational relaxation of the fluorescein molecule between absorption and emission oflight depolarizes the fluorescence. Rotation of the fluorescein molecules depends on the physical state of organization of the cytoplasmic matrix at the molecular level (Cercek and Cercek, 1973a) . This organization is the result of physical interactions between macromolecules such as proteins, water molecules and solutes (Ling, 1972) . Perturbations of these interactionis result in a change in SCM Cercek, 1972a, b, 1973a, b; Cercek, Cercek and Ockey, 1973c; Cercek, Cercek and Garrett, 1973d (Lasalvia, Garcia-Giralt and Macieiro-Coelho, 1970; Houck et al., 1971 ).
For comparison with the erythrocyte and granulocyte extracts (see below), further Diaflo fractions were obtained in the molecular weight range of 500-1000 daltons and 1000-10,000 daltons. In these cases, however, the dialysis step was omitted.
(b) Granulocyte extracts (GCE).-Thirty male Wister rats, 250-300 g body weight were injected i.p. with 2 doses of 15 ml of 3-500 polyvinylpyrrolidone, 17 hours apart. 2-4 hours after the second injection, peritoneal fluid was removed from the rats and 250 i.u.
of heparin added to the fluid to prevent coagulation. The cells were washed in saline and then resuspended in fresh saline at a concentration of 5 x 106 cells/ml. Each rat yielded approximately 2 x 108 cells, of which about 85% were mature granulocytes and 15% were macrophages. The cell suspension was then incubated for 2 hours at 37°C and the cells removed by centrifugation; the supernatant was passed through millipore filters and finally fractionated on Diaflo filters. The molecular weight range fractions retained were 500-1000 daltons, 1000-10,000 daltons and, for comparison with the LNEs, 30,000-50,000 daltons. The 2 smaller fractions include the molecular weight reported both for the active GCE and for the active erythroid cell inhibitor (Rytomaa and Kiviniemi, 1968; Paukovits, 1971; Kivilaasko and Rytomaa, 1971) .
(c) Erythrocyte extracts (RCE). Ten male Wistar rats, 250-300 g body weight were bled from the axillary vessels under ether anaesthesia; 100 i.u. ofheparin was added to prevent coagulation. Red blood cells were sedimented by centrifugation (10 min at 500 g) and the plasma and buffy coat removed. The erythrocytes were washed twice in saline and finally resuspended in saline at about 50%0 haematocrit. Extracts were then prepared and fractionated as from the granulocytes.
Preparation of test cells
Human peripheral lymphocytes were prepared from blood collected in Searle-LH/10 lithium heparin containing vials. Macrophages were removed by the carbonyl iron technique (Kuper, Bignall and Luckcock, 1961) . Lymphocytes in a pure state (> 90 %) were obtained by the Ficoll-Triosil gradient separation (Harris and Ukaejiofo, 1969) . The lymphocytes were washed twice with saline and once in TC Medium 199 (Wellcome Ltd) and resuspended in TC Medium 199 at the concentration of 5 x 106 cells/ml. For stimulation of lymphocytes a 5-times diluted Reagent Grade PHA (Wellcome Ltd) was used; 01 ml of the diluted PHA were added to 1 ml of cell suspensions. This stimulated lymphocyte culture served as the baseline control for the subsequent inhibitor testing.
Granulocytic cells proliferating in a long term (2-10 week) culture system developed by Dexter et al. (1974) (Cercek et al., 1973c) . We estimate the values of P in these experiments to be accurate to within 500.
For the purpose of measurements all test cell suspensions were reconstituted to a concentration of 5 x 106 cells/ml. In the case of lymphocytes an initial measurement of the SCM was made before stimulating with PHA. All other extracts were without effect. With the cultured granulocytopoietic cells (Table II) the only extract to have a significant effect on the initial SCM (P 0.176) was the 500-1000 daltons fraction from granulocytes. This extract increased the SCM to a value of P 0 249 (142% of control). The larger GCE fraction at 1000-10,000 daltons was also The SCM of cells is measuredt by the fluorescence polarization value, P. All measurements were made 30-40 min after treatment with cell extract. somewhat effective, raising the SCAI to P 0d199 (113% of control). The high molecular weight fraction of GCE, the LNE fractions and the RCE fractions were all without effect.
In the same way for the erythroid cells, the initial SCM of P = 0X147 of foetal liver normoblasts (Table III) by the extracts from erythrocytes. However, in this case, all 3 RCEs were equally effective, the 500-1000, 1000-10,000 and 30,000-50,000 dalton fractions respectively raising the SCM to values of P 0-223 (151 Qo of control), 0-217 (148% of control) and 0-215 (146% of control).
A more limited experiment was also carried out on proliferating lymphocytes. Normal peripheral lymphocytes were stimulated with PHA. After 2 hours the cells were washed and the culture reestablished without PHA for a further 46 hours. The dose of PHA was sufficient to allow the subsequent proliferation of the lymphocytes (Soren, 1973) which at 48 hours were at the first main peak of DNA synthesis. These cells were washed, resuspended in serum-free TC 199 medium and treated with LNE (30,000-50,000 daltons) and GCE (500-10,000 daltons). accompanied by a decrease in SCM. This biophysical change affects the rate constants of enzyme reactions in the cell and it is therefore to be expected that changes in SCM could be important in the regulation of proliferative processes (Cercek and Cercek, 1973a; Cercek, Cercek and Ockey, ] 973c).
Triggering of normal human lymphocytes into cell cycle by mitogens such as phytohaemagglutinin, results in an immediate and with time progressive decrease in SCM (Cercek, Cercek and Garrett, 1973d) . By analogy, we make the hypothesis that the biological effects of growth inhibitors such as " chalones " will be accompanied by an increase in SCM, inducing a biophysical state which is characteristic for the cells in, or approaching, the resting phase of the cells.
To ascertain that the observed increase in the degree of fluorescence polarization, P, are indeed the result of changes in SCM due to the biological effects of inhibitors and not a physicochemical phenomenon of selective quenching of the fluorescein fluorescence by the extracts, the yields of fluorescein fluorescence in the presence and absence of extracts have been measured. The extracts used in our experiments had no effect on the quantum yield, indicating that the increases in values of P are caused by changes in SCM.
With regard to the experimental results, Table V is a composite of Tables I-TII and shows Houck et al., 1971) . For both GCE and RCE it is reported as < 5000 daltons, probably daltons (Rytomaa and Kiviniemi, 1968; Paukovits, 1971; Kivilaasko and Rytomaa, 1971) . However, Dr D. J. Pillinger of these laboratories suggested, on the basis of Sephadex column fractionation, that the real activity may in fact reside somewhere below 1000 daltons (personal communication). Accordingly, both the 500-1000 and 1000-10,000 dalton fractions are shown in heavy type as possible inhibitory regions. It is clear from this (NL+PPHA)
The SCM of cells is measured by the fluorescence polarization value, P. valent to 10% contamination) were incubated for 30 min with the stimulated lymphocytes. Table VI shows the results. It is clear that these high concentrations of thymidine (> 10-2 mmol/l compared with, for example, < 10-3 mmol/l concentration of active LNE) have no direct effect on the SCM of lymphocytes. It is, however, barely conceivable that the degree of specificity demonstrated by the results shown in this paper could be accounted for by the thymidine contamination.
The questions of dose of extract, the timing of the application of the extract and the nature of the effect are still to be elucidated, but from these preliminary observations it is clear that extracts from the mature cellular elements of haemopoietic tissues are capable of producing an effect which is specific for the precursor cells of their own kind only. While the measurement made, that of changes of SCM, may be due to changes other than in the proliferative state of the cells, it is clear that changes in the cell's proliferative state do produce definitive changes of SCM. It is probable, therefore, that the extracts may be having a " chalone-like " effect, i.e. that of inhibiting proliferation of the cells.
It is also worth noting that the lymphoid extracts were of bovine origin; the granulocyte and erythrocyte extracts were from rats. By contrast, the test lymphoid cells were human and the granulocytic and erythroid cells were from mice. Thus, all these tests were successful across the species barrier, which is another of the criteria quoted for the "chalone " type compounds.
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